We present evidence, from published BABAR data, for the existence of further excitations in the bb spectrum, namely the long-awaited Υ(1 3 D1) and Υ(2 3 D1), with central masses of 10098±5 MeV and 10495±5 MeV, respectively The significance of the Υ(1 3 D1) and Υ(2 3 D1) signals is found to be 3.0 and 10.7 standard deviations, respectively.
states, which we expect at roughly 2 × 4.724 + 0.19 × (2n + 2 + 1.5) = 10.113 and 10.493 GeV [2] , for n = 0 and n = 1, respectively.
BABAR published [1] the invariant-mass distributions of 34513 events for the reactions e + e − → π + π − Υ(2S, 1S) → π + π − µ + µ − , and those of 53627 events for the reactions e + e − → π + π − Υ(2S, 1S) → π + π − e + e − . The events were preselected for the transitions e + e − → π + π − Υ(1S) and e + e − → π + π − Υ(2S), according to the invariant masses of the final-state e + e − and µ + µ − pairs. In the analysis, BABAR chose a rather large energy window around the Υ(1S) and Υ(2S) masses, of the order of ±250 MeV, for the invariant mass of the final-state e + e − and µ + µ − pairs, but imposed further cuts on the sample of published data. In the present work, we shall apply much smaller windows, viz. ±20-30 MeV, though without imposing more cuts.
For a thorough analysis of the data we shall restrict ourselves to events from the BABAR sample of e + e − → π + π − Υ(1S) → π + π − e + e − data. In Fig. 1 we show the invariant-mass distribution of the sample, for a window size of ±∆ (with ∆ = 30 MeV) around the Υ(1S) mass, and for a data binning of 10 MeV. Besides the dominant peaks of the Υ(2S) and Υ(3S), we observe a small enhancement exactly where the data trend has a minimum due to the large signals. The enhancement is well visible in the inset of Fig. 1 .
In Fig. 1 we have also indicated, by error bars, the standard deviation on the number of events in each bin. For the data bins in the inset of Fig. 1 , we shall describe in detail how these values are determined. To that end, we study how the number of events in each bin grows when the window (∆) is increased from 0 to 200 MeV, in steps of 1 MeV. The result is depicted in Fig. 2 .
In order to clarify the relation between each set of data in Fig. 2 and the corresponding distributions shown in Fig. 1 , we have numbered the bins in the inset of Fig. 1 as well as the sets of data in Fig. 2 . Of course, each set of data in the latter figure should start out at 0 events for ∆ = 0 (window closed). However, plotting the data this way would result in a confusion of points and curves. For clarity, we have thus increased the number of events in Fig. 2 by a constant, for each set of data. Hence, for all data sets the number of events in reality vanishes where the distributions meet the left-hand vertical axis. So the annotations on the axis denote the scale, and not the number of events corresponding to each data point. Number of events for the reaction Each of the data sets corresponding to a particular interval in invariant e + e − mass is fitted with a quadratic curve, where we assume that an infinite data set would lead to a smoothly growing number of events according as the window is further opened. From the standard deviation of the actual data with respect to smoothness, we determine the size of the uncertainty in the number of events in each bin, also for the bins not shown in Fig. 2 . One may easily verify that the sizes of the error bars shown in Fig. 1 are in agreement with the deviations from smoothness in Fig. 2 .
One observes in Fig. 2 that the number of events in bin no. 7 increases faster for small values of ∆ than the number of events in the neighboring bins. We believe this can be explained by assuming that events from the narrow-width Υ(1 3 D 1 ) fall well within the 10 MeV bin for not too large windows, but start spilling to neighboring bins when the window is further opened. In the following, this issue will be dealt with more quantitatively.
In Fig. 3 we study, for the chosen signal bin (number 7 in the inset of Fig. 1 ), the amount of events and also the signal-to-background ratio, as a function of the window size ∆. For that purpose, we determine the background signal by choosing the maximum of the number of events in the neighboring bins (numbers 6 and 8 in the inset of We have also studied all other bins shown in the inset of Fig. 1 . None of these has a behavior for the signal height and the signal-to-background ratio that is even comparable to what we observe in Fig. 3 for bin no. 7. For example, bin no. 12, at 10.15 GeV, has a maximum signal height of 8 events, which vanishes for windows larger than ∆ = 32, while bin no. 13, at 10.16 GeV, has no positive signal for windows smaller than 80 MeV and, moreover, a totally negligible signal-to-background ratio for even wider windows. From all this we may conclude that, in the invariant-mass interval from 10.05 to 10.22 GeV, only one bin shows a very stable signal for all possible windows, and a reasonable signal-to-background ratio for windows up to about 70 MeV.
We assume that, for wider windows, possible events associated with the supposed Υ(1 3 D 1 ) signal start to spill over to the neighboring bins. As a consequence, the background increases, whereas signal is lost. Hence, we prefer to study the statistical relevance for a smaller window, but still large enough for the signal height to be already reasonable. One may conclude from Fig. 3 that taking windows ranging from ∆ = 25 MeV to ∆ = 35 MeV is a good choice, since for lower values the signal is relatively small, whereas for higher ones the signal-to-background ratio decreases rapidly. For the purpose of our data analysis, we have chosen ∆ = 30 MeV, as shown in Fig. 1 .
The relevant bin for the Υ(1 3 D 1 ) contains 30 ± 3.07 events. For this bin, a global fit to the data (see Fig. 1 ) gives a background of 18.0±2.53 events, leaving 12.0±3.98 events for the signal. Thus, the signal has a significance of 3.0σ, which implies a strong indication of the Υ(1
For the uncertainty in the mass of the Υ(1 3 D 1 ), we take half the bin width, as we do not expect this state to have a width larger than 1 MeV. Consequently, the scattering of the data within the 10-MeV-wide bin entirely stems from the method to collect data.
The difference between the aforementioned value of 10.113 GeV and the observed mass can be understood from the predicted small mass shifts of The observation of CLEO was recently confirmed by BABAR [6] , obtaining a value of 10164.5±0.8 stat ±0.5 syst MeV for the Υ(1 3 D 2 ) mass. However, in the same paper BABAR claimed a mass of 10151 MeV for the Υ(1 3 D 1 ), which is close to the model prediction in Ref. [7] , but about 53 MeV above our value. In the present study, as mentioned before, we do not find any other relevant signal in the invariant-mass interval from 10.05 to 10.22 GeV.
For the signal stemming from the Υ(2 3 D 1 ), we follow precisely the same strategy as discussed above for the Υ(1 3 D 1 ). In Fig. 4 we display how the number of events develops when the window (∆) is increased from 0 to 200 MeV, in steps of 1 MeV, for all 10-MeV-wide bins shown in Fig. 6 . The sets of data in Fig. 4 , from the bottom to the top curve, correspond to the bins in Fig. 6 from left to right. For example, data set no. 12 counted from below in Fig. 4 , which starts out at the annotation for 500 events on the left-hand vertical axis, corresponds to bin no. 12 counted from the left in Fig. 6 . This is the bin that contains more events than any other shown in Fig. 6 . We observe for the latter set of data a substantially faster rise in the number of events for increasing values of the window size ∆, up to about ∆ = 120, than for the data sets associated with the neighboring bins. The most obvious explanation for this behavior is the presence of an enhancement in bin no. 12, for which the most likely candidate is the Υ(2 In Fig. 5 we depict the signal and the signal-tobackground ratio for the relevant bin. From this result we conclude that a window of ∆ = 22 MeV is appropriate for analysis. However, we admit that an equally good analysis is certainly possible for a window of ∆ = 82 MeV. We show the data for the latter window in Fig. 7 , using a data binning of 5 MeV, but shall not further analyse this case, for the same reason as we have discussed for the Υ(1 3 D 1 ). Namely, for larger windows we suspect data to spill over over to neighboring bins. The data for the Υ(2 3 D 1 ) are depicted in Fig. 6 . The relevant bin contains 130±4.51 events, while from a fit to the global data (solid curve in Fig. 6 ) we find a background signal of 81±0.81 events. For the signal we thus obtain 49±4.58 events, and so a significance of 10.7σ. 
